Background: Features of the metabolic syndrome comprise a major risk for cardiovascular disease and will increase in prevalence with rising childhood obesity. We sought to identify early life influences on development of obesity, hypertension and dyslipidemia in children. Methods and results: Cluster analysis was used on a subset of a longitudinal Australian birth cohort who had blood samples at age 8 (n ¼ 406). A quarter of these 8-year-olds fell into a cluster with higher body mass index, blood pressure (BP), more adverse lipid profile and a trend to higher serum glucose resembling adult metabolic syndrome. There was a U-shaped relationship between percentage of expected birth weight (PEBW) and likelihood of being in the high-risk cluster. The high-risk cluster had elevated BP and weight as early as 1 and 3 years old. Increased likelihood of the high-risk cluster group occurred with greatest weight gain from 1 to 8 years old (odds ratio (OR) ¼ 1.4, 95% confidence interval (CI) ¼ 1.3-1.5/kg) and if mothers smoked during pregnancy (OR ¼ 1.82, CI ¼ 1.05-3.2). Risk was lower if children were breast fed for X4 months (OR ¼ 0.6, 95% CI ¼ 0.37-0.97). Newborns in the upper two quintiles for PEBW born to mothers who smoked throughout pregnancy were at greatest risk (OR ¼ 14.0, 95% CI ¼ 3.8-51.1) compared to the nadir PEBW quintile of non-smokers. Conclusion: A U-shaped relationship between birth weight and several components of the metabolic syndrome was confirmed in a contemporary, well-nourished Western population of full-term newborns, but post-natal weight gain was the dominant factor associated with the high-risk cluster. There was a prominence of higher as well as lowest birth weights in those at risk. Future health programs should focus on both pre-and post-natal factors (reducing excess childhood weight gain and smoking during pregnancy), and possibly the greatest benefits may arise from targeting the heaviest, as well as lightest newborns, especially with a history of maternal smoking during pregnancy.
Background
Prevalences of childhood overweight and obesity are increasing dramatically worldwide with rates in many countries doubling or tripling over the last 20 years. 1 In Australia, the prevalence of childhood obesity trebled in 1985-1997. 2 In Britain, 23.6% children were classed as overweight in 1998 compared with 14.7% in 1989. 1 Obesity, overweight and blood pressure (BP) track into adulthood. 3 Increases in childhood and early adult onset diabetes may translate into increases in adult cardiovascular disease. 4 Identifying children with cardiovascular disease risk factors and antenatal/ early childhood influences amenable to change is of major public health importance. Clustering of the cardiovascular risk factors that comprise the metabolic syndrome (hypertension, dyslipidemia, impaired glucose tolerance and obesity) has been recognized since the 1920s. 5 Definitions of the metabolic syndrome are problematic, based on arbitrary cutoff points for several quantitative variables, where each variable is related linearly to cardiovascular risk. Even consensual definitions differ between international authorities and continue to change. 6, 7 Moreover, such cutoffs are not appropriate for use in children where body mass index (BMI), BP, triglycerides, glucose and insulin are lower than in adults. Childhood predictors of adult cardiovascular disease had focused on birth weight per se 8, 9 and teenage years. 10 Increasingly, attention has focused on prenatal and early post-natal factors, particularly with a view to trajectories or longitudinal changes in weight. 11, 12 Low birth weight has been associated with adult onset diabetes, 13 coronary heart disease 8, 14 and hypertension, 15 however, there are issues to consider concerning inappropriate correction for current weight, 16 incomplete adjustment for socioeconomic factors 17 and publication bias. [18] [19] [20] To investigate further the influence of birth weight, postnatal weight gain and maternal factors such as smoking during pregnancy and breast feeding on children's subsequent predisposition to cardiovascular disease, we used data from a cohort of Western well-nourished children followed from 18-week gestation to age 8 years.
Materials and methods
The Raine Cohort subjects were serially recruited from Western Australia's major perinatal centre, King Edward Memorial Hospital and nearby private practices between 1989 and 1992. Pregnant women (n ¼ 2979) were recruited between the 16-and 18-week gestation. Further criteria included English proficiency sufficient for informed consent and intention to remain locally for follow-up through childhood. The study was approved by the institutional ethics committees. The initial cohort comprised 2860 live births. Details of data collection in this cohort have been published previously describing the antenatal 21 and postnatal periods. 17 Gestational age was precisely ascertained according to a research protocol 21 by date of last menstrual period if the mother was certain of dates and there was less than 7 days discrepancy with biometry. Otherwise, it was determined by 18-week ultrasound studies.
Children were re-evaluated at ages 1, 3, 5 and 8 years. Weight was measured using a Wedderburn Digital Chair Scale to the nearest 100 g with children dressed in underclothes. Height was measured to the nearest 0.1 cm with a Holtain Stadiometer. Forty-five minutes after entering the room, the child had BP measured seated, using the appropriate cuff size with an oscillometric method (Dinamap 8100, Crikon, USA). Two readings were taken 1 min apart and the average used in the analysis.
Parents were asked to take children to a local pathology centre for an overnight fasted blood sample. The samples were separated, before transport on ice to Royal Perth Hospital biochemistry laboratory where the lipids (highdensity lipoprotein (HDL), low-density lipoprotein (LDL), HDL cholesterol) and serum glucose levels were measured using a Hitachi 917 autoanalyser.
Data were obtained antenatally (smoking in pregnancy) from 18-week gestation questionnaire and perinatally (birth weight, gestational age) from midwife records. Maternal education (education not higher than secondary schooling, technical qualification or diploma, tertiary qualification) and family income (annual earnings in Australian dollars as 0-$25 000, $25 001-$40 000, $40 001-$60 000, 4$60 000) were obtained from the 8-year follow-up questionnaire. Duration of any breast feeding (o4 months, X4 months) was obtained prospectively from 12-month follow-up questionnaires. 22 Weight gain was calculated by the difference of measures at time points of birth, 1, 3, 5 and 8 years.
The percentage of expected birth weight (PEBW) by gestational age was calculated by an algorithm developed on a Western Australian Caucasian population. 23 PEBW is a more useful measure of healthy intrauterine growth than neonatal weight as it takes into account many of the potential variables that affect birth weight including gestational age, nulliparity, sex of child and maternal height.
Statistical methods Cluster analysis. To overcome problems of definition of 'childhood metabolic syndrome', we used two-step cluster analysis to define two groups with higher or lower values for variables that constitute the metabolic syndrome in adults. BMI, systolic BP (SBP), serum triglyceride and glucose at 8 years were used as clustering variables. Cluster analysis is a statistical method based on algorithms, which seek to minimize within-group variation and maximize betweengroup variation for the clustering variables. 24 We refer to the group with higher values as the 'high-risk cluster' group. Using one-way analysis of variance (ANOVA) and binary logistic regression, PEBW, BP, birth anthropometry, longitudinal weight, change in weight, maternal smoking habits during pregnancy and breast feeding duration were examined for associations with the high-risk cluster. Logarithmic transformation was used for variables not normally distributed. Associations between categorical variables were examined using w 2 tests. Binary logistic regression was used to examine the effect of PEBW quintiles on likelihood of the high-risk cluster with the nadir used as the referent group. Post hoc analysis was undertaken looking at associations of arm, chest and head circumference with high-risk cluster using one-way ANOVA. Statistical significance was defined at the 5% level. SPSS 12.0 software (SPSS, Chicago, IL, USA) was used for analyses.
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Results
At the 8-year follow-up, 2518 of the original 2860 were eligible for follow-up after exclusion of children who were deceased or uncooperative. Assessments were completed for 1957 of the 2518 children; 520 children were excluded (multiple births, o38-week gestation and congenital anomalies). Four hundred and fifteen agreed to blood sampling. Of these, satisfactory measurements for fasting lipids and glucose were obtained on 406 children. Table 1 shows that those with adequate blood samples were from higher income groups and had nonsignificantly higher BP. The characteristics of the children at birth and at age 8 years and of the mothers of the mother-child pairs included in the analysis have previously been reported. 17 Cluster analysis About 25% of the 406 children fell into the high-risk cluster with a similar proportion of boys and girls (w df ¼ 1 2 ¼ 2.69, P ¼ 0.101). They showed significantly greater weight, BMI, height, arm circumference, BP, total cholesterol, triglycerides and LDL, and lower HDL cholesterol. ( Table 2 ). The degree of separation of the main features of the high-and low-risk clusters are shown in Figure 1 .
Association of cluster group with measurements at birth
The high-risk cluster was significantly associated at birth with an increased triceps skin fold ( There was no linear association between PEBW or birth weight with the high-risk cluster group before or after adjustment for socioeconomic status (maternal education and family income), gender, maternal diabetes and maternal smoking.
Data were then examined according to quintiles of PEBW and showed a U-shaped relationship with being in high-risk cluster. (Figure 2 ) In binary logistic regression using lowest likelihood of being in the high-risk cluster group (2nd quintile) as the referent group, the odds ratio (OR) in the 1st, 4th and 5th quintiles after adjusting for gender, socioeconomic status and maternal smoking in pregnancy and gestational diabetes were 2.33 (95% CI ¼ 1.05-5.14, P ¼ 0.037), 2.32 (95% CI ¼ 1.06-5.04, P ¼ 0.034) and 2.22 (95% CI ¼ 1.03-4.79, P ¼ 0.043), respectively. The comparison between PEBW quintile 3 and 2 was not statistically significant (P ¼ 0.275).
Modifiers of the association of cluster group with PEBW Effect of smoking during pregnancy. As earlier studies on this cohort showed that maternal smoking influenced the relation between birth weight and BP at age 6 years, 25 data were analyzed separately for maternal smokers and nonsmokers during pregnancy. Characteristics at birth of children born to smoking and non-smoking mothers are shown in Table 3 . Using a binary logistic model, children of mothers who smoked in pregnancy were more likely to be in the high-risk cluster group than children of non-smokers (OR ¼ 1.82, CI ¼ 1.05-3.2, P-value ¼ 0.033). This was particularly apparent at the higher birth weight (PEBW) quintiles. Children in the upper two quintiles for PEBW who were born to mothers who smoked throughout pregnancy were at increased risk of the high-risk cluster (OR ¼ 14.0, 95% CI 3.8-51.1) when compared to the referent nadir group (2nd Cardiovascular risk and early life events RC Huang et al quintile PEBW and children of non-smokers). In separate models for maternal smoking or non-smoking during pregnancy, the suggestion of a J-shaped relationship is still present. (Figure 3 ) In maternal smokers, the OR for the highrisk cluster in the offspring for the 4th and 5th quintiles compared to the 2nd quintile were 8.75 (95% CI ¼ 1.5-50.1) and 7.5 (95% CI ¼ 0.99-56.8), respectively. In non-or exsmoking mothers, the OR for the high-risk cluster in offspring for the 1st quintile compared to the 2nd quintile was 2.9 (95% CI ¼ 1.1-7.6).
Effect of duration of breast feeding. Breast feeding X4 months resulted in an OR ¼ 0.6 (95% CI ¼ 0.37-0.97) for the high-risk cluster relative to breast feeding for o4 months. With longer duration of breast feeding (X4 months), there is a U-shaped curve. Using the 2nd quintile as the reference, the OR for the 1st quintile is 6.7 (95% CI ¼ 1. Effect of post-natal weight gain. Weight gain between 1 and 8 years of age strongly affected the risk of being in the highrisk cluster. Those in the highest third of weight gain were at substantially greater risk (Figure 4) . With each kilogram increase in weight between 1 and 8 years of age, the OR was 1.4 (95% CI ¼ 1.3-1.5). In the highest tertile, there was a nonsignificant suggestion of the U-shaped relationship. Weight gain between birth and 12 months of age was not associated with an altered risk for high-risk cluster.
Tracking of BMI, weight, weight gain and BP measurements at 1, 3 and 5 years with high-risk cluster group at 8 years of age. The high-risk cluster was strongly associated with weight and BMI at 3 years of age and at 5 years of age (all Po0.001). Those in the high-risk cluster at 8 years had significantly higher SBP at ages 1, 3 and 5 years. At 8 years, weight gain between 1-3 years, 3-5 years and 5-8 years was significantly associated with the high-risk cluster but weight gain from birth to 12 months did not show this association. (Table 4) .
Discussion
In an extensively characterized longitudinal birth cohort, we identified a quarter of Western Australian 8-year olds with substantially higher BMI, BPs, serum cholesterol and triglycerides and lower HDL. Serum glucose tended to be higher in this group, but was not significantly so. This cluster paralleled several features of the metabolic syndrome in adults. Given previous reports of the tracking of obesity and associated metabolic disorders from childhood into adult life, 3 these 8-year olds are likely to be at high risk of developing obesity, hypertension, diabetes and atherosclerotic disease as adults. Fasting glucose contributed least to the cluster and fasting insulin levels were not available, but will be in a more extensive follow-up of this cohort at 13 years. Fasting glucose alone is not the best measure of insulin sensitivity 26 and is Cardiovascular risk and early life events RC Huang et al also prone to greater variation if not all the children had, in fact, fasted before sampling. The 406 children with blood samples available were generally representative of the larger Raine cohort studied since birth, but included a slightly higher proportion from higher income groups. This may have introduced bias, underestimating the number of children at high risk as higher socioeconomic status is associated with lower cardiovascular risk. 27 The relationship between PEBW and the high-risk cluster at age 8 was U-shaped. Similar distributions of birth weight with later type 2 diabetes have been shown in populations of Pima Indians 28 and Asians, 29 even though they differ from the type of population we studied. Our cohort was derived from a geographically stable population generally of European descent, of a relatively high standard of living and education, consuming a contemporary Western diet. It included few individuals making rapid transitions from a traditional to Western lifestyle, such as recent immigrants. The U-shaped distribution of birth weight when plotted against the high-risk cluster in this study confirms that such a relationship applies to a well-nourished and relatively affluent community, and not just in populations undergoing deprivation or recent economic change. The design of the analysis restricted cases to 437-week gestation, thus excluding cases of fetal growth restriction delivered pre-term; such cases may have been included in analyses of older cohorts where gestational age was less precisely ascertained. It therefore also confirmed this relationship in exclusively full-term babies. The right shift in the birth weight to high-risk cluster curve may be owing to increasing caloric excess in Western society over the last 80 years. Undernutrition during pregnancy causing poor fetal growth is now less common; far more likely to exist in earlier cohorts [30] [31] [32] affected by the Great Depression, World Wars and the much-quoted Dutch famine 33 and in contemporary developing countries. 34 Consistent with this, the mean birth weight of our cohort was 3501 g compared with a mean of 3166 and 3220 g during the Dutch famine 33 and 2600 g in girls and 2800 g in boys in
contemporary India. 34 The mean male birth weight in our cohort is higher (3533 g, s.d. ¼ 458 g) compared with the males in the Helsinki studies (3456 g, s.d. ¼ 490), 14 but similar to those in the Hertfordshire cohort (3500 g, s.d. 600 g). 30, 31 Low birth weight is now much more likely to be owing to pre-term birth, placental dysfunction, maternal disease, obstetric complication, poor social environment or genetic reasons. The gross mismatch between in utero and post-natal environments, important in developmental origins concepts, is less likely to exist to any large extent in current Australian society, save where obstetric complications exist or in groups such as Australian Aborigines and recent immigrants. These were sparsely represented in this cohort. The shape of the curve for birth weight plotted against subsequent cardiovascular risk cluster differs from that previously described in that the curve extended further to the right, indicating a greater prominence of higher birth weights in those at risk. In other cohorts, the negative slope at the left hand of the curve was more evident, and was reported as an inverse relationship between birth weight and the metabolic syndrome in adults. 31, 33, 35 In the upper birth weight ranges, there may be a few cases of undiagnosed gestational diabetes-induced macrosomia, where maternal hyperglycemia resulting in increased circulating fetal glucose levels provoked fetal hyperinsulinemia, macrosomia and peripheral insulin resistance. 29, 36, 37 However, the prevalence of known maternal gestational diabetes in this cohort was only 1.1%. This suggests that many cases of glucose intolerance were undiagnosed, particularly as routine testing was not undertaken or that enhanced fetal growth is symptomatic of an underlying predisposition to the metabolic syndrome that is not yet understood. Heavier babies tended to be born to women with obesity, hence the 38 Regardless, the results of the present study indicate that in modern populations, newborns at risk include those in upper as well as in lower birth weight ranges. Our study indicates the importance of three early environmental influences on the risk of developing obesity, high BP and dyslipidemia. Higher post-natal weight gain, maternal smoking and shorter duration of breast feeding may be permissive for the emergence of this cluster with post-natal weight gain the dominant factor.
The components of the adult metabolic syndrome are largely driven by obesity. This is reflected in the present study by the large BMI and weight differences between highand low-risk clusters. Our results demonstrating the dominant effect of post-natal weight gain after 12 months of age on the high-risk cluster are similar to those recently reported for BP and obesity in the larger cohort of 1400 Raine study 8-year olds. 17 A factor analysis of a healthy high school population showed post-natal weight gain was the dominant factor 39 and a study of 300 contemporary British 5-year olds suggested that insulin resistance was a function of current weight rather than low birth weight. 40 We note that the high-risk cluster children are also taller with greater arm circumferences from 3 years of age onwards. Greater height implies that these children are skeletally larger and might have greater muscle mass. Such measures along with weight and BMI are surrogates for body fat mass and more specific tests of body composition may be necessary to determine muscle/fat mass ratio. Additionally, we have demonstrated that excess post-natal weight gain in the first year or weight at 1 year does not have an independent influence on development of the high-risk cluster. This differs from findings which show that babies remaining thin at 2 years of age 11 and alternatively that infants with early rapid weight gain are at greater risk. 12 This finding will be explored in more detail with maturation of the Raine Cohort. Smoking appears to be an important modifier of PEBWhigh-risk cluster relationship. Despite maternal smoking being associated with lower birth weight and increased SBP in offspring, a positive relationship was seen between birth weight and SBP in early childhood when mothers were smokers in pregnancy. 25 However, smoking is associated with socioeconomic status and adverse lifestyle, 41 which could also confound this relationship. We observed that with maternal smoking, the shape of PEBW-high-risk cluster curve is shifted to the right. The largest risk for the highrisk cluster belonged to newborns who were large for gestational age (in PEBW quintiles 4 and 5) and who were born to mothers who smoked throughout pregnancy. We hypothesize that within the maternal smoking group, well known to cause lower birth weight, 42 those newborns who not only escape growth retardation, but are in fact large for gestational age are unusual, owing to genetic make-up or exposure to maternal hyperglycemia. They are subsequently selected for particular risk of cardiovascular disease. Conversely, for babies born to non-smokers, the greatest risk is in lowest PEBW quintile. Retrospective studies have shown variable breast feeding effects ranging from modest protective 43 to possible adverse 44 effects upon the risk of ischemic cardiovascular disease in adulthood. A Bristol birth cohort showed that children who had been exclusively breast fed had lower SBP than those who were never breast fed. 45 Further, an association between longer breast feeding and lower risk of overweight between 9 and 14 years of age has been reported. 46 We report a lower likelihood of the high-risk cluster in children breast fed for X4 months compared to o4 months and that breast feeding X4 months is associated with lower weight at age 1 year. However, this observation may also be confounded by the fact that shorter duration of breast feeding is also associated with maternal characteristics such as obesity, smoking and lower education, 47 and breast feeding duration was no longer significant when adjusted for these factors in our cohort. Birth weight:placental ratio was lower in the high-risk cluster in our cohort supporting the role of antenatal influences. An association between the high BP with lower birth weight:placental ratio has been reported previously. 30 However, it may be confounded as decreased birth weight: placental ratio is also associated with smoking and increasing maternal weight. 48 Does membership of the high-risk cluster predict those who will develop features of the metabolic syndrome in adulthood, and as an extension, those at risk of adult cardiovascular disease? The answer to both questions is likely to be yes. We have previously reported tracking of obesity, overweight, dyslipidemia and BP from childhood to adult life in two other populations of young Australians 49 and similar findings have been reported from the Bogalusa Heart Study. 10 Our results support current developmental origins concepts whereby antenatal effects foreshadow future disease but are acted upon by post-natal environmental influences. Our population is young compared with studies reporting an inverse association between birth weight and the metabolic syndrome in adults or late adolescence. 31 Therefore, we are monitoring how longer exposure to environmental factors affects the relation between intrauterine growth and risk of the metabolic syndrome that we have described here. Our data support the hypothesis that early life influences set the stage for the dominant effect of post-natal weight gain after 12 months of age on increased risk of cardiovascular disease and diabetes in later life. If the current findings are substantiated with maturation of the cohort, there are significant implications for reducing the epidemic of childhood obesity and adult cardiovascular disease. There may be considerable benefit in targeting interventions at newborns Cardiovascular risk and early life events RC Huang et al with higher birth weights, particularly following a pregnancy in which the mother had smoked, as well as those with fetal growth restriction. For contemporary Western communities, research into the causes of babies large for gestational age and the effect of early post-natal influences may have greater impact than focusing only on intrauterine growth retardation. This study also provides additional evidence to discourage smoking in pregnancy.
